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Abstract

The chemical and nutritional composition of the Longissimus thoracis muscle from 58 ‘Rubia Gallega’ breed animals was measured to
differentiate veal of weaned from unweaned calves. Fat, protein, ash, and moisture contents of muscle were determined by near infrared
reflectance spectroscopy (NIRS) and the fatty acid (FA) profiles were determined by gas chromatography. Calves suckled their mothers
at pasture followed by an indoor period. The weaned group was finished on concentrates indoors, whereas the unweaned group was
continued suckling with a complementary concentrate diet, also indoors. The unweaned group had higher total FA (p < 0.001), mono-
unsaturated (MUFA) (p < 0.05) and polyunsaturated (PUFA) (p < 0.05) FA contents, lower saturated FA (SFA) (p < 0.01) concentra-
tion, and a higher PUFA:SFA ratio (p < 0.05) than the weaned group. A multivariate step discriminant procedure selected nine variables
out of 38 tested from the FA profile. The SFA fraction lower than C11 followed by the margaric FA and the n � 6:n � 3 PUFA ratio
were the most discriminating variables for separating the weaning classes, regardless of the gender. Calibration and cross-validation mis-
classification errors were 0% and 1.67%, respectively. A more powerful discriminant function was estimated for males only, where the
SFA fraction lower than C11 followed by tricosanoic, and margaric FA were the most discriminant, with zero misclassification errors.
� 2005 Elsevier Ltd. All rights reserved.
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Beef production in the region of Galicia, North West of
Spain, has been based on small family herds of the Rubia
Gallega breed. Traditional production of unweaned young
calves involves indoor management, maternal suckling, a
complementary concentrate-based diet (Monserrat, 1990).
However, alternative systems have been designed by
including a grazing period, which produce similar tradi-
tional calves with equivalent slaughter weight, carcass
characteristics and beef quality (Brea, Garcı́a, Carballo,
Sánchez, & Monserrat, 1996; Carballo, 2003). Since Rubia
Gallega is considered a late maturating beef breed, a con-
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centrate-based finishing period, which increases fat deposi-
tion in carcasses of young calves, is usually extended
beyond the grazing period to improve the beef quality of
calves raised at pasture (Monserrat, 1998). One problem
associated with this indoor finishing period is that it makes
maternal suckling difficult. Thus many farmers choose to
wean calves before being finished indoors.

Recognition of the unique quality of Galician beef
prompted the European Union (EU) to accept the Pro-
tected Geographical Indication (PGI) of Galician Veal
‘Ternera Gallega’ in 1996 (CEE 2400/96), which includes
the beef from Rubia Gallega animals born, reared and
slaughtered in Galicia. Following the CEE 2237/91 Direc-
tive, the PGI classifies the animals as calves and steers
depending on whether the slaughter time was earlier or
later than ten months of age, respectively. Calves are fur-
ther classified into ‘Normal’ class (59% of total production)

mailto:teresamoreno@ciam.es
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Table 1
Number (N), indoor concentrate intake (ICI) and means of slaughter
weight (SW) and carcass weight (CW) of Rubia Gallega calves

Class Gender N ICI
(kg d�1

animal�1)

SW
(kg)

CW
(kg)

Unweaned Male 18 4.34 335.2 ± (6.7)a 184.4 ± (5.7)a

Female 10 4.09 301.3 ± (10.3)b 164.7 ± (7.9)b

Weaned Male 15 7.13 332 ± (12.1)a 185.9 ± (11.6)a

Female 15 5.91 295.6 ± (14.2)b 158.7 ± (8.5)b

a,bMeans in the same column bearing different letters differ at p < 0.001.
Values in parenthesis after means refer to SD of the animal group.
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if they have been suckling their mothers for at least two
months and were weaned before slaughter, and ‘Suprema’
class (39% of total production) if they were not weaned
and have been continuously suckling throughout life. It is
necessary to look for nutritional and nutritive characteris-
tics, which allow accurate differentiation of the two veal
types, and guarantee the origin and quality of the product
for information to both consumers and marketing distribu-
tion chains.

Previous studies on the Rubia Gallega breed found very
little differences between weaned and unweaned calves for
several beef organoleptic characteristics such as colour and
water holding capacity (Moreno, 2004). The two classes of
calves aremainly differentiated by period of time the animals
have been suckling. Milk is a food with a high energy con-
tent, which increases the amount of fat deposted in suckling
animals (Okeudo, Moss, & Chestnutt, 1994; Sañudo et al.,
1998b; Vipond, Swift, Noble, & Horgan, 1993). Therefore,
the length of the suckling period may cause differences in
meat fatty acid composition, which would also influence
the taste of these classes of commercialised veal, since
improved sensorial quality of meat has been reported in
milk-fed animals (Sañudo, Santolaria, Sierra, Alcalde, &
Touraille, 1992b; Sañudo et al., 1998b). Studies on suckling
lambs found that the meat fat composition is mainly related
to the fat composition of the milk they consume (Banskali-
eva, Shindarska, &Dimov, 1989; Velasco, Cañeque, Lauzu-
rica, Pérez, & Huidobro, 2004).

Feeding system, gender, slaughter weight and age, and
duration of milk consumption have been reported to have
an important influence on the intramuscular fat content
(Colomer-Rocher, 1973; Robelin, Geay, & Beránger,
1974; Sañudo et al., 1999), and composition (Choi, Enser,
Wood, & Scollan, 2000; Noci, O’Kiely, Monahan, Stanton,
& Moloney, 2005; Varela, 2002; Velasco et al., 2004). In
general, variations in fat content have a marked effect on
the fatty acid composition of muscle meat. As fatness
increases, increases in the content of SFA and MUFA is
larger than that of PUFA (De Smet, Raes, & Demeyer,
2001). The English Food Advisory Committee (1990) con-
siders a food to be ‘low fat’ if the fat content is lower than
the 5%. In contrast, beef intramuscular fat is (Moloney,
Mooney, Kerry, & Troy, 2001) relatively high in saturated
fatty acids (45–50%) with a harmfully low ratio of unsatu-
rated to saturated fatty acids (PUFA:SFA).

The objective of this work was to measure the fat con-
tent and FA composition of the muscle L. thoracis of ‘Nor-
mal’ and ‘Suprema’ class calves, and to use this data to
differentiate between calves that were weaned before or at
slaughter.

2. Materials and methods

2.1. Animals and management

Fifty-eight calves of the Rubia Gallega breed belonging
to the Mabegondo Research Centre herd, classified as
E
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unweaned ‘Suprema’ (28 animals, 18 males and 10 females)
and weaned ‘Normal’ (30 animals, 15 males and 15
females) according to the PGI criteria of ‘Galician Veal’,
were used for this study. The calves were born between
the autumn and winter season, and were reared with their
mothers on pasture and allowed to suckle freely while they
were grazing on a rotational system, receiving complemen-
tary grass silage when grass available on pasture was lim-
ited. Calves were fed with complementary concentrate on
pasture for one month before they were finished indoors
for eight to ten weeks prior to slaughter. During the indoor
period, animals were housed on concrete floors covered
with straw, arranged in groups of six animals per pen
and were offered the concentrate and the grass hay
ad libitum.

‘Normal’ class calves were weaned on the day they were
taken indoors, while ‘Suprema’ class calves were suckled by
their mothers twice daily during the indoor period. Moth-
ers were grazed on pasture and were brought to the pens
for the suckling times. Both classes of animals were slaugh-
tered between 300 and 330 kg liveweight. Unweaned ani-
mals stayed indoors about two more weeks than weaned
animals to allow both classes to reach approximately the
same slaughter weight. Number (N), amount of indoor
concentrate intake (ICI), slaughter weight (SW), and car-
cass weight (CW) of the animals used in this experiment
are shown in Table 1. Concentrate intakes were estimated
as the difference between the amounts offered and rejected
by each animal. The type of concentrate was the same for
all groups and was composed of a mixture of barley (81%),
soybean meal (14%), mineral/vitamin mix (0.2%), calcium
phosphate (2%), calcium carbonate (2%), and NaCl
(0.8%). The concentrate chemical composition is shown
in Table 2.

2.2. Pasture

Twenty-hectares of a meadow sown with a mixture of
Lolium perenne and white and red clover were offered to
the animals for grazing. The animals were grazed on a rota-
tional system, moving into a plot when the grass height was
15 cm. Calves were rotated using an advanced grazing sys-
tem, which allowed them to select the first grass because
they reached the plot before their mothers. The calves left
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Table 2
Average chemical composition of the grass hay, grass silage, fresh grass
and concentrate consumed by Rubia Gallega calves

Characteristicsa Hay
(%)

Grass silage
(%)

Fresh grass
(%)

Concentrate
(%)

DM (% fresh matter) 88.54 17.88 13.80 87.79
CP (% DM) 7.46 12.34 12.56 16.48
FNEU (% DM) 0.76 0.57 0.96 0.95
OM (% DM) 91.37 88.1 89.3
CF (% DM) 4.55
Ash (% DM) 6.77
Fat (% DM) 2.25
Calcium (% DM) 1.14

a DM, dry matter; CP, crude protein; FNEU, fattening net energy units;
OM, organic matter; CF, crude fibre.
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the plot when the grass was 8 cm high, whereas their moth-
ers left it when it was 6 cm high. In spring, the animals
grazed 50% of the total area, whereas the remaining 50%
was reserved for producing silage (25%) and hay (25%) to
provide winter feeding complementary requirements.

A stocking rate of three animals per hectare was used in
the first rotation of the spring pasture, decreasing progres-
sively in the following rotations up to one animal per hect-
are in the late autumn pasture, as grass growth decreased
and calf grazing demand increased. Chemical composition
of grass, grass silage and grass hay consumed by the ani-
mals were analysed once a month and is summarised in
Table 2.

2.3. Samples and measurements

The animals were weighed before being slaughtered con-
ventionally at a commercial abattoir located 4 km away
from the Research Centre. Carcasses were weighed and
classified with respect to fat and conformation scores
according to the European Union grading system and
chilled for 24 h before sampling. Samples of the Longissi-

mus thoracis muscle from one half of the beef carcass were
collected between the 6th and the 10th ribs, this muscle
being the reference in most studies. Samples were split into
two 2.5 cm-thick steaks. One was used for assessment of
chemical composition (moisture, ash, protein and fat) by
NIRS at 24 h post mortem and the other was used for fatty
acid analysis by gas chromatography.

2.4. Analysis of chemical composition by NIRS

NIRS equipment was calibrated against Official Refer-
ence Laboratory of Galicia reference methods for contents
of intramuscular fat, total protein, moisture and ash (ISO
1443, 937, 1442 and 936, respectively). Official Reference
Laboratory of Galicia determinations were repeated three
times and the means (g/100 g DM) were the reference val-
ues for NIR analysis. Two spectra per sample were
recorded and the average spectrum was used for develop-
ment of calibration equations. Two hundred samples have
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been previously used to develop and validate the NIRS
equation (Oliete, Cardelle, & Maceiras, 2000).

Raw steaks were trimmed of external fat and blended in
a commercial grinder. Each sample was scanned by reflec-
tance between 1100 and 2500 nm. Spectra of the samples
were recorded on a NIR system 6500 Spectrophotometer
(Foss NIRSystem, Silver Spring, Washington, USA)
equipped with WinISI 1.5 software (Infrasoft Interna-
tional, Port Matilda, PA, USA). The chemical composition
of each sample was computed after examining the spectra
and entering them into the calibration equation.

2.5. Nutritional composition analysis by gas chromatography

Muscle samples were trimmed of residual adipose tissue.
After blending in a commercial grinder, samples were indi-
vidually packed under vacuum (97%) and stored frozen at
�20 �C. Lipids were extracted from Longissimus thoracis

muscle following the Bligh and Dyer (1959) method.
Methyl esters of the samples were produced according to
the method of Morrison and Smith (1964) and heneicosa-
noic acid (C21:0) methyl ester was used as an internal stan-
dard. Fatty acid analyses were performed according to ISO
5508.

A Varian 3900 gas chromatograph equipped with a
flame ionisation detector (FID) and a fused silica capillary
column with a stationary phase of acidified polyethylene
glycol (Varian CP7488, 50 m length, 0.25 mm internal
diameter, 0.25 lm phase thickness) was employed to deter-
mine the fatty acid methyl ester concentration. The detec-
tor temperature was 250 �C and an automatic split/
splitless injector with a 1/20 split and a temperature of
255 �C was used. The injection volume was 1 ll. The oven
temperature was increased from 150 to 200 �C at 10 �C/
min and from 200 to 230 �C at 5 �C. The final temperature
was maintained for 10 min. Helium was used as the carrier
gas at a flow rate of 1 ml/min. A software program (Star
Chromatography Workstation) connected to the chro-
matograph was used for the integration-calibration. Peak
identification was performed using Sigma–Aldrich authen-
ticated reference standards (99% purity). Fatty acids were
quantified using the internal standard after adjusting for
response determined using the Sigma–Aldrich standard
mixtures.

2.6. Statistical analysis

Data were analysed using the general linear model
(GLM) procedure of the SAS package (SAS Institute
Inc., 1999). The model used was:

Y ijk ¼ lþ W i þ Sj þ ðWSÞij þ eijk;

where Yijk is the observation of gender j, weaning i and ani-
mal k for any of the dependent variables such as fat, ash,
moisture, protein content, and fatty acids; l is the overall
mean; Wi is the effect of weaning i (i = 1,2); Sj is the effect
of gender j (j = 1,2); (WS)ij is the interaction between
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weaning and gender; eijk is the residual random error asso-
ciated with the observation ijk.

A multivariate discriminant analysis (SAS Institute Inc.,
1999) was performed on the fatty acid data to differentiate
between beef of ‘Normal’ and ‘Suprema’ class calves. First,
a stepwise discriminant procedure (PROC STEPDISC,
SAS Institute Inc., 1999) was used to select the variables
that would be included in the model, allowing only vari-
ables which were significant at p < 0.15 to enter the model.
Following this, a linear discriminant function containing
an optimal subset of variables was developed using the
PROC DISCRIMINANT from SAS (SAS Institute Inc.,
1999) to determine the coefficients of the fatty acids that
maximise the differences between the two weaning classes.

3. Results and discussion

3.1. Chemical composition of muscle

Average values for chemical composition of muscle are
given in Table 3. No significant interaction between wean-
ing class and gender was found for beef fat and other meat
characteristics (Table 3). Thus there was no gender advan-
tage for accumulation of fat, protein and moisture during
the extra milk consumption period.

Significant differences in beef chemical composition were
found between the two gender groups in the unweaned ani-
mals (Table 3). When animals were continuously suckling
up to slaughter under the same feeding system, gender dif-
ferences in beef chemical composition in the unweaned
‘Suprema’ class may be attributed to the earlier develop-
ment of females relative to males (Hammond, 1932;
Thompson, Atkins, & Gilmour, 1979) causing an increase
in fat accumulation in beef for females (p < 0.01). Conse-
quently, a decrease in moisture, ash, and protein content
was consequently found in the female muscle. Similar
results have been reported by Brea, Garcı́a, Monserrat,
Sánchez, and Carballo (1998) for the Rubia Gallega breed.

Similar gender differences were also found in the beef
chemical composition of the weaned ‘Normal’ class (Table
3), although differences were smaller than in the unweaned
‘Suprema’ class. The gender differences were highly signif-
U
N
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Table 3
Means chemical compositions of L. thoracis muscle from both genders and w

Unweaned class (UC) Weaned class (WC) Ave

Characteristics Male
(%)

Female
(%)

p Male
(%)

Female
(%)

p Ma
(%)

Animals number 18 10 15 15 33

% % %
Moisture 76.5 75.28 *** 76.36 75.61 * 76.4
Ash 1.21 1.17 ** 1.21 1.19 + 1.2
Protein 22.2 22.0 NS 22.1 22.2 NS 22.2
Fat 0.86 1.66 ** 0.60 1.19 * 0.7

+, *,**,*** refer to significant at the 10%, 5%, 1%, and 0.1% probability leve
E
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icant when animals were averaged over the two weaning
classes. Female muscles had higher intramuscular fat con-
tent (p < 0.001) and consequently lower moisture (p <
0.001) and ash (p < 0.01) contents than male muscles. No
gender difference was found for protein content.

No significant differences for moisture, ash, and protein
contents between the two weaning classes averaged over
genders (Table 3) were observed. This is likely because
the length of the milk consumption period did not have a
marked influence on these parameters and the two classes
of animals were similar in terms of slaughter weight and
age. A significant difference (p < 0.05) for fat content was
observed between the two weaning classes ‘Suprema’ and
‘Normal’ averaged over genders, the highest fat mean
was found in the unweaned class. Animals fed with mater-
nal milk throughout life complemented with concentrates
were fatter than animals weaned earlier and finished only
on concentrates with a lower content of lipids than the
Rubia Gallega milk. It should be noted that the content
of fat in concentrates consumed by calves was 2.25% of
dry matter (Table 2), whereas the content of fat in Rubia
Gallega milk is about 4.4% of fresh milk, or 31% of milk
dry matter (Sánchez, 1978). Therefore, it seems that the
increase in fat in unweaned compared to weaned calves
was related to an increase in fat supplied by the diet. Both
classes of Rubia Gallega veal can however still be consid-
ered as a low fat foods, since their fat content is less than
5% (English Food Advisory Committee, 1990).

3.2. Nutritional composition

Concentrations of several fatty acids, MUFA, PUFA,
and SFA in the two weaning classes and the two genders
are summarised in Table 4. MUFA content of intramuscu-
lar fat of the unweaned calves was higher (p < 0.05) than
that of weaned calves. Total FA content was 5% higher
(p < 0.001) in the unweaned (2490 mg/100 g) than in the
weaned class (2378 mg/100 g). Our results are in agreement
with other studies, which reported that an increase in total
beef fat concentration was associated with an increase in
MUFA (Hecker, Cramer, & Hougham, 1975; Marmer,
Maxwell, & Williams, 1984; Webb, De Smet, Van Nevel,
eaning classes of Rubia Gallega calves

rage over classes Averaged over
genders

Interaction gender · class

le Female
(%)

p UC
(%)

WC
(%)

p F-test

25 28 30

%
5 75.46 *** 76.0 76.0 NS NS
1 1.18 ** 1.19 1.20 NS NS

22.1 NS 22.1 22.1 NS NS
4 1.38 *** 1.15 0.89 * NS

ls, respectively. NS refers to not significant.
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Table 4
Means of main fatty acid (FA) contents of intramuscular fat for the two weaning ‘Suprema’ and ‘Normal’ classes in male and female calves, and
significance of the pertinent mean differencesa

Fatty acidsb Males Females Overall average

Unweaned
(mg/100 g
muscle)

Weaned
(mg/100 g
muscle)

LSD-test Unweaned
(mg/100 g muscle)

Weaned
(mg/100 g
muscle)

LSD-test Unweaned
(mg/100 g
muscle)

Weaned
(mg/100 g
muscle)

LSD-test

C14:0 59 50 NS 65 56 NS 62 54 NS
C16:0 413 318 *** 543 442 *** 459 380 ***
C18:0 273 207 *** 339 284 ** 297 245 ***
C18:1 (n � 9c) 1012 810 *** 1319 1273 NS 1121 1039 *
MUFA 1141 909 ** 1510 1431 NS 1270 1169 *
PUFA 209 159 + 194 153 + 205 156 *
SFA 902 921 NS 1219 1185 NS 1015 1053 NS
Total FA 2252 1989 *** 2923 2769 * 2490 2378 ***
PUFA:SFA
ratio

0.23 0.17 + 0.16 0.12 * 0.20 0.15 *

+, *,**,*** refer to significance at the 10%, 5%, 1%, and 0.1% probability levels, respectively. NS means not significant.
Mean differences between males and females were significant for C16:0, C18:0, C18:1 (n � 9c), MUFA, SFA and total FA at the 1% level within both
unweaned and weaned classes.
a In addition to the LSD-tests for weaning mean differences, gender mean differences within classes were also tested.
b C14:0 is myristic acid; C16:0 is palmitic acid; C18:0 is stearic acid; C18:1 (n � 9c) is oleic acid; MUFA, PUFA and SFA refer to monounsaturated,

polyunsaturated and saturated fatty acids, respectively.

Table 5
Contents and percentages of main fatty acids in the milk fat from Rubia
Gallega cows

Fatty acida mg/100 ml % Total fatty acids

C14:0 316 14.8
C16:0 750 35.1
C18:0 199 9.3
C18:1 (n � 9c) 381 17.8
MUFA 529 26.04
PUFA 122 5.87
SFA 1485 68.08
PUFA:SFA ratio 0.08 0.08
n � 6 PUFA 60 2.81
n � 3 PUFA 58 2.71
n � 6:n � 3 PUFA ratio 1.03 1.03

a C14:0 is myristic acid; C16:0 is palmitic acid; C18:0 is stearic acid;
C18:1 (n � 9c) is oleic acid; MUFA, PUFA and SFA refer to monoun-
saturated, polyunsaturated and saturated fatty acids, respectively.
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Martens, & Demeyer, 1998). The higher content of MUFA
in unweaned class veals, is probably the cause of its prefer-
ence in the market. Oleic acid has been reported to be an
important determination of beef tenderness and palatibility
(Dryen &Marchello, 1970; Malau-Aduli, Siebert, Bottema,
& Pitchford, 1998; Oliete, Carballo, Moreno, Sánchez, &
Monserrat, 2004; Xie et al., 1996).

Mean in fatty acid composition of the two classes were
significantly higher in the unweaned calves for the palmitic
(C16:0), stearic (C18:0) and total FA (Table 4). No differ-
ences between weaning classes were found for the myristic,
oleic, MUFA and SFA in females, in contrast to males
which showed significant differences for all fatty acids
except for SFA and myristic (Table 4). It would appear
that females were less sensitive to a continuous period of
milk consumption than males for expressing fatty acid dif-
ferences between the two weaning classes.

Comparisons of FA contents between males and females
within each weaning classes (Table 4) show that two of the
main FA of milk (Table 5), palmitic and oleic were higher
in females than in males which is in agreement with the
studies of Larick, Turner, Koch, and Crouse (1989), Zem-
bayashi, Nishimura, Lunt, and Smith (1995), Calvo (2001)
and Sinclair and O’Dea (1990). Consequently, MUFA con-
tent mainly due to the oleic fraction was higher in females
than in males of the weaned class (p < 0.01) in agreement
with Horstein, Crowe and Heimberg (1961), Larick et al.
(1989), Zembayashi et al. (1995), Calvo (2001). SFA and
total FA contents were also higher in females than in males
in both unweaned and weaned classes, whereas PUFA con-
tent was lower but not significantly so for females com-
pared to males in both classes of calves. These differences
in the fatty acid profile of the two genders may be attrib-
uted to a higher content of intramuscular beef fat (Table
3), and total fatty acids (Table 4) in females relative to
males in both unweaned and weaned calves, in concor-
dance with other studies, which considered that an increase
in beef fat led to an increase in MUFA and a decrease in
PUFA.

3.3. Milk fatty acid composition and beef fat profile

The higher total fatty acid content found in the
‘Suprema’ class can be attributed to the milk consumed
by the unweaned calves, since the milk had a higher lipid
content than the concentrates consumed by the weaned
class calves (31% vs. 2.25% of dry matter, respectively).
Analysis of the milk fatty acid profile (Table 5) revealed
that the high content of the palmitic (C16:0), stearic
(C18:0) and oleic (C18:1n � 9c) FA found in the milk,
was partially transmitted to the unweaned class calves,
whose beef had a higher content of these FA than the
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weaned calves, however only oleic acid content was signif-
icantly higher for males (Table 4). Myristic acid (C14:0),
which was present in the milk fat at high content level,
showed a slight, but not significant increase, in the beef
fat of the unweaned compared to the weaned calves. These
results are partially in agreement with other studies, which
found that myristic and palmitic acids were the predomi-
nant FA in unweaned compared to weaned lambs (Velasco
et al., 2001).

Comparison of the fatty acid composition of the milk
(Table 5) with the fatty acid content of the beef fat (Table
4) reveals that the SFA concentration did not increase in
the calves that have been suckling for a longer period,
despite the predominant SFA fraction in the milk. A more
detailed inspection of the intramuscular FA profile of the
two classes (Table 6) reveals that the SFA concentration
was lower in the unweaned than the weaned class. This
U
N
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O
R
R
E
C
T

Table 6
Fatty acid variables, means of percentages over total fatty acids, and least si
discriminant analysis

Fatty acid variable Fatty acid name

<C11 SFA fraction lower than C11
C12:0 Lauric acid
C14:0 Myristic acid
C14:1 (n � 5) Myristoleic acid
C15:0 Pentadecanoic acid
C15:1 Pentadecenoic acid
C16:0 Palmitic acid
C16:1 (n � 7) Palmitoleic acid
C17:0 Margaric acid
C17:1 Margaroleic acid
C18:0 Stearic acid
C18:1 (n � 9t) Elaidic acid
C18:1 (n � 9c) Oleic acid
C18:2 (n � 6t) Linolelaidic acid
C18:2 (n � 6c) Linoleic acid
C20:0 Arachidic acid
C18:3 (n � 6) c�Linolenic acid
C20:1 (n � 9) Gadoleic acid
C18:3 (n � 3) a�Linolenic acid
C20:2 (n � 6) Eicosadienoic acid
C22:0 Behenic acid
C20:3 (n � 6) Eicosatrienoic acid
C22:1 (n � 9) Erucic acid
C20:3 (n � 3) Eicosatrienoic acid
C20:4 (n � 6) Arachidonic acid
C23:0 Tricosanoic acid
C22:2 (n � 6) Docosadienoic acid
C24:0 Lignoceric acid
C20:5 (n � 3) Eicosapentaenoic acid
C24:1 (n � 9) Nervonic acid
C22:6 (n � 3) Docosahexaenoic acid
PUFA Polyunsaturated fatty acids
MUFA Monounsaturated fatty acids
SFA Saturated fatty acids
n � 6-PUFA n � 6 Polyunsaturated fatty acids
n � -3-PUFA n � 3 Polyunsaturated fatty acids
PUFA:SFA
n � 6:n � 3PUFA

+, *,**,*** refer to significant at the 10%, 5%, 1%, and 0.1% probability leve
NS means not significant.
O
O
F

decrease was mainly due to lower concentrations of the
SFA fraction less than C11, and arachidic acid (C20:0) in
the unweaned compared to the weaned class (0.05% vs.
3.9%, and 3.97% vs. 6.25%, respectively). It would seem
that an important part of the SFA fraction of the milk
was metabolised by calves and used as precursors for
MUFA and PUFA synthesis.

3.4. Fatty acid ratios

A low PUFA to SFA ratio in beef fat has been consid-
ered harmful for health (Moloney et al., 2001). The
PUFA:SFA ratio of the veal intramuscular fat is higher
in the unweaned compared to the weaned class calves
(Tables 4 and 6). Thus a more favourable PUFA:SFA ratio
from a dietetic and health point of view was present in the
beef of the unweaned calves. Although the milk suckled by
E
D
P
Rgnificant difference (LSD) values for the two weaning classes used in the

Means (%) LSD test�

Unweaned class Weaned class

0.05 3.90 ***
0.06 0.04 NS
2.44 2.36 NS
0.41 0.39 NS
1.73 2.92 ***
0.12 0.14 NS
18.42 16.00 ***
2.03 1.96 NS
0.97 0.78 ***
0.63 0.46 *
11.95 10.31 ***
0.89 0.56 **
45.03 43.66 NS
0.10 0.09 NS
2.38 0.04 ***
3.97 6.25 *
0.68 1.64 ***
0.53 0.33 +
1.54 1.39 NS
0.10 0.14 NS
0.09 0.07 NS
0.59 0.45 +
1.23 1.44 NS
0.57 0.89 NS
1.07 0.98 NS
0.09 0.58 ***
0.16 0.06 NS
1.00 1.09 NS
0.74 0.63 NS
0.14 0.14 NS
0.28 0.21 NS
8.21 6.52 +
51.00 49.08 NS
40.77 44.30 **
5.04 3.40 *
3.13 3.12 NS
0.20 0.15 *
1.62 1.09 **

ls, respectively.
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calves had a low PUFA:SFA ratio, 0.08 (Table 5), the extra
period of milk consumption significantly improved this
ratio, mainly due to an increase in PUFA and a decrease
in SFA. Strategies designed to raise the PUFA:SFA ratio
of the intramuscular fat, would improve the nutritional
quality of beef (French et al., 2000).

Another important ratio to consider is the ratio of n � 6
PUFA to n � 3 PUFA. Present human diets of the western
countries have n � 6:n � 3 PUFA ratios in the range 10–20
putatively contributing to increased cardiovascular diseases
due to a proinflamatory effect. An increase in n � 3 PUFA
consumption resulting in a reduction of the n � 6:n � 3
PUFA ratio below 4 has been recommended (Department
of Health, 1994; Gibney, 1993; US Department of Agricul-
ture, 2000). The n � 6:n � 3 PUFA ratio of the unweaned
‘Suprema’ class was higher than that of the weaned class
(Table 6), despite the small n � 6:n � 3 ratio of the milk
consumed by the unweaned calves (Table 5). It seems that
the increase in PUFA content of the unweaned class
resulted mainly in an increase in n � 6 PUFA fraction
rather than n � 3 PUFA fraction (Table 6). Nevertheless,
the n � 6:n � 3 PUFA ratio of the intramuscular fat of both
weaning classes ranged between 1.09 and 1.62 (Table 6),
which was well below what is considered a harmful level.
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3.5. Discriminant analysis

Multivariate discriminant analysis was performed to
determine if the calves weaned before (‘Normal’ class) or
at slaughter (‘Suprema’ class) could be distinguished on
the basis of the fatty acid profile of the intramuscular fat.
Two steps were carried out. In the first step, a subset of
variables which best discriminated between the two wean-
ing classes, was selected among a set of 38 variables which
included the proportions of 30 fatty acids, a SFA fraction
lower than C11 (<C11), MUFA, PUFA, SFA, n � 6
PUFA and n � 3 PUFA, the PUFA:SFA and n � 6:n � 3
ratios (Table 6). In the second step, discriminant functions
were obtained to estimate the coefficients of the selected
variables that best assigned a beef sample to either the
weaned or the unweaned classes.

When considering the entire data set, without distinguish-
ing between genders, the discriminant equations obtained
for assigning a sample to either the unweaned (UC) or the
weaned (WC) class had the following expressions:

UC : 2:53� ð< C11Þ þ 22:7� ðC15 : 1Þ þ 140:3� ðC17 : 0Þ
þ 9:7� ðC17 : 1Þ þ 2:02� ðC18 : 1n� 9cÞ þ 1:02

� ðC18 : 3n� 3Þ þ 14:5� ðC18 : 3n� 6Þ þ 13:1

� ðC20 : 4n� 6Þ � 2:73� ðn� 6 : n� 3PUFAÞ � 127:5

WC : 5:36� ð< C11Þ � 35:0� ðC15 : 1Þ þ 107:1� ðC17 : 0Þ
þ 15:7� ðC17 : 1Þ þ 2:9� ðC18 : 1n� 9cÞ � 1:52

� ðC18 : 3n� 3Þ þ 23:3� ðC18 : 3n� 6Þ þ 20:6

� ðC20 : 4n� 6Þ � 12:0� ðn� 6 : n� 3PUFAÞ � 136:3
E
D
P
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O
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where the FA formula refers to the concentration for the
particular FA, and numbers before the FA are the assigned
coefficients.

An unknown sample will be assigned to UC when the
value of the UC function is higher then that of the WC
for this sample, whereas the sample will be assigned to
WC if the opposite occurs. The SFA fraction lower than
C11 (<C11) FA, which accounted for 60% of the variation,
followed by the margaric FA and the n � 6:n � 3 PUFA
ratio were the most discriminating variables for distin-
guishing weaned from unweaned calves, regardless of
gender.

These discriminant functions were able to separate cor-
rectly the 58 samples of the experiment into the two wean-
ing classes, with zero misclassification error. The squared
Mahalanobis distance (D2) between the two classes was
29.1 and the F-test of this distance was highly significant
with a value of 41.1 (p < 0.0001). A cross-validation proce-
dure was performed to assess the robustness of the equa-
tions. New equations were developed with the exclusion
of one sample, which was used for cross-validation. All
samples were rotated for cross-validation, and only one
sample out of 58 was misclassified, giving a cross-valida-
tion error of 1.67%. It seems that these equations were suit-
able for separating samples of the two weaning classes
regardless of gender.

Additional discriminant equations were developed sepa-
rately for each gender. Selected variables, their coefficients,
squared Mahalanobis distances (D2) between classes, and
percentages of calibration and cross validation errors for
each gender are presented in Table 7. Percentages of cali-
bration error for either gender and cross-validation errors
for males of misclassified samples were zero. The F-test val-
ues of D2 between the weaning classes were also highly sig-
nificant for the two genders, but especially for males with a
value of 69.1.

According to the F-test, the discriminant function for
males was the more powerful for classifying the two wean-
ing classes. The SFA fraction lower than C11 (<C11) FA,
accounted again for a large proportion of the variation in
the model for males (73%). The <C11 fraction was present
at a moderate percentage in the weaned class and at a very
low proportion in the unweaned class (Table 6). It seems
that the milk consumed by the unweaned calves prevented
the accumulation of this <C11 SFA fraction in the veal
intramuscular fat, in contrast to the high-concentrate diet
consumed by the weaned calves, which allowed for accu-
mulation of the <C11 fraction. Other SFA, tricosanoic,
margaric, mystiric, and palmitic FA, which are predomi-
nant in cow milk (Table 5) and showed a large mean differ-
ence between the two weaning classes (Tables 4 and 6),
were also included in the discriminant model for males.

Oleic acid (C18:1 n � 9c), accounted for the largest pro-
portion of the variation of the discriminant model for sep-
arating weaning classes in females only. This FA also forms
part of the discriminant model for the entire data regard-
less of the gender.
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Table 7
Selected variables and coefficients of the discriminant functions for classifying samples into the unweaned (UC) and weaned (WC) class for male and
female calves

Males Females

Selected variables UC WC Selected variables UC WC

<C11 �0.44 4.9 <C11 �30.6 �28.4
C14:0 �22.1 �4.7 C18:1 (n � 9c) �111.0 �105.4
C16:0 18.6 14.5 C18:2 (n � 6c) 427.9 411.8
C17:0 341.5 233.6 C18:3 (n � 3) 261.0 251.9
C20:2 n � 6 �87.7 �13.9 C20:3 (n � 3) 263.0 255.2
C23:0 �14.6 5.7 MUFA 323.1 311.3
n � 3 PUFA 12.4 8.6 SFA 290.5 281.6
n � 6:n � 3 PUFA 46.9 32.6 Constant �12521 �11768
Constant �377.9 �249.3

Parameter Estimate Parameter Estimate

Mahalanobis (D2) 87.2 Mahalanobis (D2) 35.0
F-test value 69.1**** F-test value 22.2****
Calibration error (%) 0 Calibration error (%) 0
Cross-validation error (%) 0 Cross-validation error (%) 4

Parameter estimates of the squared Mahalanobis distance (D2) between the two classes, its F-test value, and percentages of misclassification calibration
and cross-validation (CV) errors for the two discriminant functions.
****, Refers to significant at p < 0.0001.
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4. Conclusions

This study demonstrated the effectiveness of nutritive
and nutritional quality characteristics for clearly separating
calves into the two weaning classes. Discriminant equations
using fatty acid data for both gender, were highly signifi-
cant, but especially for males. Averaged over gender,
unweaned calves were fatter and had higher total FA con-
tent than weaned calves, which is most likely due to the
extra period of milk consumption of the unweaned calves.
Several FA found in high concentrations in the milk suck-
led by calves, such as the palmitic, stearic, oleic, MUFA
and PUFA, were also found in high concentrations in
the unweaned calves. However, the high SFA content in
the milk was lower in proportion in the FA profile of the
unweaned relative to the weaned calves. The content and
the PUFA:SFA and n � 6:n � 3 PUFA ratios found
in nthe intramuscular fat of both weaning classes were
within the recommended limits for healthy human diets.
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Cándido y Felipe. Murcia (pp. 575–578).

Brea, T., Garcı́a, J., Monserrat, L., Sánchez, L., & Carballo, J. A. (1998).
Modelización, crecimiento y rendimiento potencial de machos y
hembras de raza Rubia Gallega. Memoria CIAM 94-96. Edit. Xunta
de Galicia. Consellerı́a de Agricultura, Ganderı́a e Polı́tica
Agroalimentaria.

Calvo. (2001). Estudio del crecimiento y de las caracterı́sticas de la canal y
de la carne del ternero Rubio Gallego acogible a las primas de la
P.A.C. en rebaños de vacas nodrizas. Tesis doctoral, Facultad de
Veterinaria, Universidad de Santiago de Compostela.

Carballo, J. A. (2003). Caracterización de las canales de vacuno joven
producidas en Galicia. Tesis doctoral, Universidad de Santiago de
Compostela.

CEE. (1991). Reglamento n� 2237/1991 de La Comisión Europea de 27 de
julio de 1991.

CEE. (1996). Reglamento n� 2400/1996 de La Comisión Europea de 17 de
noviembre de 1996.

Choi, N. J., Enser, M., Wood, J. D., & Scollan, N. D. (2000). Effect of
breed on the deposition in beef muscle and adipose tissue of dietary
n � 3 polyunsaturated fatty acids. Animal Science, 71, 509–519.

Colomer-Rocher, F. (1973). Exigencias de la calidad en la canal. INIA.

Serie: Producción Animal, 4, 117–132.
De Smet, S., Raes, K., & Demeyer, D. (2001). Meat fatty acid composition

as affected by genetics. Healthier meat in future. BAMST, 2001.
Department of Health. (1994). Nutritional aspects of cardiovascular

disease. Report on Health and Social Subjects no. 46. London: H.M.
Stationery Office.

Dryen, F. D., & Marchello, J. A. (1970). Influence of total lipid and fatty
acid composition upon the palatability of three bovine muscles. Animal

Science, 36–41.
English Food Advisory Committee. (1990). Report on Review of Food

Labelling and Advertising. Her Majesty’s Stationery Office, London.
French, P., Stanton, C., Lawless, F., O’Riordan, E. G., Monahan, F. J.,

Caffrey, P. J., et al. (2000). Fatty acid composition, including cis-9,
trans-11 octadecanoic acid, of intramuscular fat from steers offered
grazed grass, grass silage or concentrates. Animal Science, 78,
2849–2855.

Gibney, M. J. (1993). Fat in animal products: facts and perceptions. In J.
D. Wood & T. L. J. Lawrence (Eds.). Safety and quality of food from

animals (Vol. 17, pp. 57–61). Edinburgh: British Society of Animal
Production.



T

577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631

632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686

T. Moreno et al. / Meat Science xxx (2005) xxx–xxx 9

MESC 3751 No. of Pages 9, Model 5+

28 December 2005 Disk Used
ARTICLE IN PRESS
C
O
R
R
E
C

Hammond, J. (1932). Growth and development of mutton qualities in the

sheep. London: Olivier and Boyd.
Hecker, A. L., Cramer, D. A., & Hougham, D. F. (1975). Compositional

and metabolic growth effects in the bovine muscle, subcutaneous and
serum total fatty acids. Food Science, 40, 144–149.

ISO 936, 937, 1442 and 1443 (1998, 1978, 1997 and 1973, respectively).
International organisation for standardisation of meat and meat
products. Determination of total ash, nitrogen content, moisture and
total fat content, respectively.

ISO 5508. (1990). International organisation for standardisation of animal
and vegetable fats and oils. Analysis by gas chromatography of methyl
esters of fatty acids.

Larick, D. K., Turner, B. E., Koch, R. M., & Crouse, D. J. (1989).
Influence of phospholipids content and fatty acid composition of
individual phospholipids in muscle from Bison, Hereford and Brah-
man steers on flavour. Food Science, 54, 521–527.

Malau-Aduli, A. E. O., Siebert, B. D., Bottema, C. D. K., & Pitchford, W.
S. (1998). Breed comparison of the fatty acid composition of muscle
phospholipids in Jersey and Limousin cattle. Animal Science, 76,
766–773.

Marmer, W. N., Maxwell, R. J., & Williams, J. E. (1984). Effects of dietary
regimen and tissue site on bovine fatty acid profiles. Animal Science,

59, 109–121.
Moloney, A. P., Mooney, M. T., Kerry, J. P., & Troy, D. J. (2001).

Producing tender and flavoursome beef with enhanced nutritional
characteristics. Proceedings of the Nutrition Society, 60, 221–229.

Monserrat, L. (1990). Sistema de producción de carne con vacas madre en
Galicia. Mundo ganadero, 4, 35–43.

Monserrat, L. (1998). Memoria CIAM 1994–1996. Xunta de Galicia (pp.
219–312).

Moreno, T. (2004). Efecto de la extensificación en la calidad de la carne y
de la grasa de animales acogibles a la I.G.P. Ternera Gallega. Thesis
doctoral, Universidad de Santiago de Compostela.

Morrison, W., & Smith, L. M. (1964). Preparation of fatty acid methyl
ester and dimethyl-acetate from lipids with boron fluoride methanol.
Journal of Lipid Research, 5, 600–608.

Noci, F., O’Kiely, P., Monahan, F. J., Stanton, C., & Moloney, A. P.
(2005). Conjugated linoleic acid concentration in M. Longissimus dorsi

from heifers offered sunflower oil-based concentrates and conserved
forages. Meat Science, 69, 509–518.

Okeudo, N. J., Moss, B. W., & Chestnutt, D. M. B. (1994). Effect of
feeding milk diet or concentrate plus hay diet on carcass and meat
quality of lambs. In 40th international congress of meat science and

technology, August, 1994, The Hague, The Netherlands.
Oliete, B., Cardelle, M., & Maceiras, M. P. (2000). Análisis de las carnes

de vacuno mediante espectrofotometrı́a del infrarrojo cercano (NIRS).
In X Congreso de Zootecnia, Libro de resúmenes (p. 117). Vale de
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Sañudo, C., Santolaria, P., Sierra, I., Alcalde, M. J., & Touraille, C.
(1992b). Sensory meat characteristics from light lamb carcasses. In
Proceedings 38th international congress of meat science and technology

(pp. 277–280).
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